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Title of Thesiga: 4m Investigation of the Rediating Characteristics 
of an Electromagnetic Horn 


Hames of Authors: Earl de Rohan Berondes, LIJG, USW 
Robsrt Harl Lee, L7G, USN 


Sumitted to the Department of Naval Architecture and Marine Eng: 
on 16 May, 1952 ia partial fulfillment of the requirements for the degree 
of daval Engineer, 


The radiating and impedance characteristics of a laterally ra- 
diating X band electromagnetic horn were investigated, The horn has a 
flare angle of 90 degrees in the H plane and at a radius of 37.8 eu, it 
ig bent through 90degreea to form an aperture in the shape of a quad~ 
rantel are, The aperture has a chord length of 16.7 A at 2 = 3.2 om, 


Experimental resulte verified computed field patterne and in- 
dicated that « constent phase was obtained across the aperture, Iliunina-~ 
tion was considered to be the distribution of the iy 9 mode across the 


aperture. 


The pattern of the uncompensated horn is eliiptically polarised, 
In the H plane the = plane polarization has a beem width of 4.3 degrees 
and first side lobe level is 21 db. down at 4} = 3,2 am, The H plane po~ 
larization gives two main lobes 12 db, down from the & plane polarisation, 


Impedance measurements indicate reflection. coefficients, due te 
reflection at the throat and at the aperture of the horn, Reflection at 
the 90 degree bend appeare to be negligible. Representative values are 
R = 0.0726, [q = 0.159. Should reflection st the throat be eliminated 
by a curved transition a VSWR = 1,38 over a band of 200 acs, is obtein- 
able, 


To eliminate the cross polarization due to li plane polarisation 
various schemes were tried, £E plane flare was added. This combined with 
@ paralled plate filter at the aperture reduced the cross polariuation 
20 db, VSWR less than 150 over a 675 mes, band, with elimination of the 

throat reflection, were obtained. 


Other schemes tried included adding « parellel plane filter 
with no flare and using E plane flare and a parallel wire fliter, Cross 
polarization was reduced in all cases. 


It is concluded that this type horn provides « constant phase 
illumination seross a wide aperture resulting in a narrow beam with rea~ 
sonably low side lobes, The cross components of polarization inherent 
in the design may be eliminated Wy mode filters. The impedance charac- 
teristics way be iaproved by dezigning for mutual cancellation of re- 
fisetions in the frequency band desired, 
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SYMBOLS 
The redius of the mean clroular bend on the laterally radiating 
horn, type "A." 
The percentage area covered hy a perallel wire sereen, 
(100 £=4) 
A eoefficient in the Fourler-Bessel series sethod of field com 
putations, It is defined by Formula (4-52). 
The short dimension of the immer surface of « rectengular wave~ 
guide. 
The inner bend radius of the immer surface of the type "A" horn, 
A coefficient in the Fourler-Bessel series method of field com 
putations, It is defined by Formula (A-55). 
The maximun uagnitude ef the H, th harmonic at the aperture, 
The outer bend radius of the inner surface of the type "A* horn, 
& coefficient ia the Fourler-Bessel series method of field cou- 
putations, It is defined hy formula (A-58). 
The diameter of a wire in the parallel wire filter, 
The distance along the mean are of the bend of the type "A" 
horn. 
A coefficient in the Fourler~Bessel series method of Meld com- 
putatione. It is defined wy Pormula (A-59). 
The shorter dimension of the inner surface of the waveguide 
Electric field strength 
The x component of the electric field strength. 
The y component of electric fieid strength 
The longer dimension of the inner surface of a rectangular wave- 
guide, 
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The E plane field pattern of an EB plane flared sectoral horn 
determined by theory or by experimental investigation 

A Hankel function, 

Yr 

The free space wave propagation constant. 

A design constant used in the design of the type "A" horn. 

A substitute variable defined by Equation (42) te facilitate 
algebraic manipulation, | 

Avea excluded from the ¥ plane array factor integration, 

Any integral aumerical value, 

Area included 4a the E plane array factor integration, 

A diffraction integral defined ty Equation (A-4). 

4 diffraction integral defined ty Equation (A-5). 

& point of field measurement, 

The distance from the origin of the coordinates to a point on 


the radlating aperture, 


The radial distance from the origin of the coerdinates to the 
inaer radius of the aperture. 

The radial distance from the origin of the coordinates to the 
outer radius of the aperture, 

The rwilal aperture distance 

The distance from the origin of the coordinates to ea point of 
field measurenent, 

Refers to the aperture surface. 

The dimension of the parallel plane filter sections in the 
direction of wave propagation. 
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The power transmitted through a filter grating in per cent, 
The ceater to center spacing of parallel wires or paraliel 
planes. 

The coordinate direction in the E plane and normal to the 

H plane. 

The coordinate direction in the © plane and on the plane which 
contains the aperture surface, 

The aperture distance in the x! direction 

The aperture distance in the x direction. ' 

The coordinate direction in the U plane, mormal to the E plane 
end defined by Figure IT. 

Helf the distance along the cord of the arc of the aperture, 
(Figure IV). 

The coordinate direction in the H plane, on the plane which 
contains the aperture surface, an¢d defined by Pigure IV, 

The coordinate direction normal to both x and y, and forms a 
right handed orthogonal coordinate system of sequence, (x,y,z). 
The attenuation constant. 

The angle of the major axis of elliptical polarization from the 
@ direction. 

The reflection coefficient. 

4n incremental quantity. 

A differential quantity 

The base of natural logarithus, 

The polar angle from the 2 axis, 

Free space wavelength, 

The permeability of free space, 
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The length of 4 sectoral horn. 

Summation. 

The longitudinal angle which has the x axis as the origin. 
The longitudinal angie for points ia the xy or aperture plane, 
The total flare angie of either type "A" or type "B" horns, 


ay (frequency) 


I INTRODUCTION 
Concurrent with the practical employment of microwave frequen~ 
cies, extensive theoretical and experimental work has been accomplished 
in the field of using electromagnetic horns as extonune, © The theo- 
 yetieal computations indicate that narrow beam sectoral horns may be 


-- gonstructed ty increasing the flare angle and the radius, In the theo 


petical part of this work the aperture diffraction method of computing 


 paddation fields is currently the most practical procedure, ‘) (2) (3) 


i ie it were poseible to determine the current distribution on the inte- 
hor and exterior surfaces of the horn, the fields could be computed 
directly; but since this is not known, the aperture diffraction field 
method must be employed, However, when the computed radiation pat~- 
teres of sectoral horns are compared with the radiation patterns ob- 
tained experimentally, there is only general agreement. There are 
three reagons for the disagreement in detail in the field patterns: 

1. The theory neglects the current on the outside walls of 
the horn. 

2. The theory neglects the higher mode fields at the aper- 
ture, 

3. Phase error effects have been neglected in the field 
computations, The aperture was considered to be a con~ 
stant phase radiating surface in a plane, 

Phase error effects cause the main lobe of a horn of con- 
stant flare angle t6 undergo changes in width and structure as the horn 
Length te tnovensed,4!'5) on tne waste of experiments, qtinum dimmi 
sions for EZ plane and H plane electromagnetic horne have been determined, 
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See Figure virr, ‘© pi 
In order to obtain « narrow beam horn antenna with moderate 
side lobes, it is necessary to resort to excessively long radius seo- 
toral horns of small flare angles or to employ dielectric lenses or 
metal plate lenses, However, dielectric lenses complicate the imped- 
(7) 


ance matching problems and cause power loss, ang metal plate lenses 
are frequency sensitive Sevioee, Thus, in order to obtain a narrow 
beam electromagnetic horn with low side lobes it is necessary to com~ 
promise one of the three advantages of horn antennas; small theoretical 
size, minor matching problems with low power ioss, and wide band opere~ 
tion, 

It is the objeet of this thesis te bulid an antenna with a 
constant phase radiating surface, experimentally and theoretically de- 
termine its radiating characteristics, experimentally determine its in~ 
pedance characteristics, investigate methods of pattern improvement, 
and present a design procedure for other investigaters to follow. The 
horn will be designed to be as insensitive to frequency changes as is 
possible and to suppress higher mode fields before they arrive at the 

This could be eccomplished by employing an antenna of design 
type "A," Figure I or design type "B* Figure V. These antennas employ 
the optical principle that electromagnetic waves emanating from a 
point source have a constant phase front which is determined by equal 
geodesic distances (or mean path distances) measured in a radial di- 
rection from the point source, 

It is apparent that the radiating surface is no longer rec- 
tangular in shape as in the case of the rectangular guide sectoral 
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horn, but is now a circular arc. This introduces difficulties in solv- 
iug the aperture diffraction integrals and handling the cross components 
(H plane components) of polarization. In the process of solving the 
phase difficulty end minimizing surface current effects and higher mode 
field effects, the problem of cross polarization has been created. 
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Development of T 
the aperture of the lateraliy radiating electromagnetic horn 
is formed along the are of a circle, An assumption was uade that the 
field will vary sinusoidally over the arc of the aperture and that the 
fields are pulavieed im the radial direction, It was now possible to 
sOlve the aperture diffraction integrals to obtain the fields in space, 
The array factor describing the aperture geometry and iilumination could 
be easily integrated for angles of flare of the form :, man integer. A 
change of varieble was made which had the effect of considering the 
straight line equivalent of the aperture, The results for the horn de- 


sign in Figure V ares” 


Sin (ky. Sin 9) Cos (ky. Sin @) 
Sin” 0 Sin “0 


An assumption of a linear equivalent source in the H plane wes 
made toe obtain an approximate field pattern for the B plane polarized, 
H plane field pattern for any value of r,. or Bs. If the linear equiva-~ 
lent source in the H plane is assumed to have an BE plane polarized field 
= 6 
™— pee | 
E.,, = B, Cos 2y, Cos 2, (2) 
which would be the approximate fields resulting when the fields in the 
aperture were projected inte the H plane, (See Figure IV for the defi- 
nition of geometrical terms,), the resulting 1 plane field pattern was 
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* see Appendix, Section B, 
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ier=f) abe 
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However, the diffraction integrals may be integrated directly if the 
geometry of Figure II is employed end the simplifying assumption is made 
that (r, - 2) is a great deal less than the average radius of the aper- 
ture, The assumptions of the fields at the aperture are: 


B,, = B, Cos cos g! (4) 
o 
Bey = 3, Co stn gt (5) 


resulting in the field patterns in space being given by* 
jx8,9 rior g Jee 
B 0 * a (1+ Cos foo g [ao,,) J (er, Sin 90) + 
8 2) 
* 2 dylan, sin 6) A(n,f,) B(a,f)] -s[8ia ¥ c(0,9,) 


Fj oy Sin @) + J Cer, Sin 9) C(n,g Be aor} (6) 
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See Appendix, Section 5. 
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Formule (3) was derived on the basis that the Z plane polarised 
H plane field pattern is primarily a fuaetion of the chord of the are of 
| the aperture, It was possible to reagon that the field pattern is de- 
pendent on a product of a function of the flare angle and a function of 
the radius, Formulas (7) and (6) illustrate that the pattern is a sum- 
mation of an infinite series of such products, This permits an infinite 
nunber of combinations of J, and r, to be employed te obtain a given 


 ‘peamwidth. 


The Desien and Zavrication of the Hora 

fo obtain en aperture of given dimensions two parameters were 
available, the radius of the sectoral section and the flare angle. 
Hinety degrees was arbitrarily chosen as the initial angle of flare 
since this presented an aperture exhibiting measurable i plane polarisa- 
. tion and gave a relatively wide aperture for a fixed sectoral radius, 
Also, reducing the flare angle would be relatively easy should this be 
desired, A sectoral radius wes chosen to give a chord length of 16.7 i 
(for 4 = 3.2 om.) in order to investigate the possibilities of obtain~ 
ing a constant phage across a wide aperture, The ninety degree bend st 
the end of the sectoral section was designed from empirical data con- 
tained in ADRDE Ressarch Report tio, 129.99) the laterally radiating 
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horn type "B" (Figure ¥) was fabricated ty the Coppersmith Shop of the 
Boston Haval Shipyard under close supervision by the thesis members, 

Field pettera measurements were taken for five conditions of 
hora operation. 

1. The uncompengated horn as described ty Pigure V. 

2. The horn with a parallel plane filter located 0.316 om, 

from the aperture, 

3, The horn with a flare consisting of 0,318 ou, brass rod 

5,6 om, long separated by 0.635 cm, om centers in the 
H plane and bent to form » flare of 40° in the E plane,” 
(80° total sector angle) 

4. The horn with 40° B plane flare and a parallel plane 

filter located 0,079 om. from the aperture,” 

5. The horn with 40° E plane flare and s parallel wire filter 

lecated 0,079 cu, from the aperture.” 

The field patterns were measured on an eudie automatic antenna 
pattern recorder cimilar to that described im Reference (34), The pen 
positioning syetem is given in block diagrsem form in Figure ¥I and the 
overall test setup iz given in Figure VII. The X band radax tranenit- 
ter could transmit either H plane polarized or E plane polarized elec- 
tromagnetic energy. H plane and E plane patterns were taken by shift- 
ing either the polarisation of the transaitter or the physical post~ 
tion of the horn antenna, The four principal patterns were taken for 
horn conditions 1, 2, 3, 4, but only the H plane polarized, i plane 


we See Photograph, Figure . 
See Figure X, 
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field pattern was teken for Condition 5. The frequency of the trananit- 
ter was varied in Condition 1 in order to determine the sensitivity of 
the pattern to frequency changes. 
Evaluation of the B Plane Polarised 2 Blane Bicld Pattern When E Plane 
Flare ig Added to the Zorg 

It was important to be able to make en engineering ostinate 
of the change in the field pattern when E plane flare was added to the 
horn, The HE plane polarized © plene field pattern of an BE plane sec- 
_ torel horn determined either theoreticaliy’“°) (36) or axpertnenteliy*” 5) 
was designated G(Q). The aperture was then considered te be  contimu- 
ous array of infinitesimal E plane sectoral horns, The array factor 
for this continuous array would be E f@ ) in Equation (6) evaluated 
for § = 0°, The resulting B plane pattern then became: 

By, = 6(@) 4, (0,0) (8) 

The resulting field pattern may be plotted ty adding decibel 
Values, A comparison plet of the computed horn field pattera obtained 
in this manner with the measured horn field pattern was plotted on 
Figure XXXI. 
upedence Measurement Procedure 

Voltage standing wave ratio measurenents were made for the 
Various hora designs using a standard slotted section of wave guide, an 
amplitude modulated signal, a square law crystal detector, and an ECA 
168A amplifier to measure the output. A 2K39 klyetron furnished power, 
The probe depth was adjusted for minimua penetration and tuned for each 
frequency. 

Measureneats were made of the VSWR in the guide. Positions 
of the minima were determined for the horn terminated in space, with a 
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Tit HESULTS 
The Principel Fleic Patterns of the Latergity Radiating Electromagnetic 
with Ho Flere or Filters Added 
The results of the field pettern teats of the horn are given 


ty the solid curves of Figures XII, XITI, XIV, and XV, The E plane po- 
larised H plane field pattern reveals that a 4.33° half power beam with 
~20 db. side lobes wes achieved, but also that there is seme phase dis- 
tertion near the fight side lobe and winor agymetries in the pattern. 
The H plane polarised E plane pattern, whieh theoretically should be 
zero for all velues of 0, shows negligible values of field strength, 
The & plane polarized, W plane field pattern gives a 24° half power beam 
width, The “side lobes" are -7.8 db, and a generally ragged field pat- 
tern for values of 0 away from the "main lobe" is obtained, In the 
iH plane polarized i plane field pattern the two wajor lobes are slightly 
aaymetrical and the rest of the pattern ies highly asymetriceal in that 
the third side lobe is missing on one side, This "cross component” of 
polarization haz « peak value of between ~10 db. and -12 db. in accord- 
ance with minor deflections of the aperture of the hora, 
Zhe Results of Varying Erequency om the E Plane Polarised i Plane Field 
Pattern 

Figure XVI indicates « slight increase in half power beamwidth 
with frequency and a reduction ia the peak power density of the first 
gide lobes together with considerable distortion of the field pattern be- 
yond the first side lobe, However, the general symaetry of the main and 
side lobes is maintained, . 
Zhe Resuliz of Comparing the Experimentally Deterained Values with the 
 Sompubed Values of the Field Patterns in the H Blane 
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The computed values determined by the linear equivaleat source 
method and the Fourler-Begssel series wethod are plotted on Figures XVII 
and XVIII. YForaula (1) gives close corelistion with measured E plane 
field patteras but it is not included in the results section, There ia 
excellent agreewent between the experisentally deteruined and theoreti- 
cally determined values of the half power points of the main lobe in 
the case of the E plane polarized fleld pattern. In the cage of the 
H plane polarised fleid patiern the peak power polats end the half power 
points of the two main lobes are in agreement with the computed values, 
Iu the case of the E plane polarised fields, the Fourier-Bessel series 
_ gives a good indication of the angle et which the first side lobe will 
appear, The linear equivalent source wethod gives a better approxima- 
‘thon of the magnitude of the side lebss, 
A Somparison of the Principal Tieid Patterns of the laterally Radiating 

The parellel plane filter performed its fumetion of elininating 
the H plane polarization from the radiation field, A lose of peak power 
density of 1.3 db, together with a distortion of the side lobe pattera 
was experienced for the i plane pattern, The F plane pattern was also 
distorted in the aide lobes, but there was no change in half power beam 
width and only a alight change in the relative peak power density of 
the "side lobes." 
The Rewults of Adding 2 40° E Plume Flere to the Hiorn 

Figures XIX, XA, XX1, and IKI show the results of edding a 
40° & plane flare to the horn. Minor alterations to the negligible 
KH plane polarised E plane field pattern results. The symmetry of the 
H plane polarised H plane pattern was lmproved somewhat and minor 
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alterations oecurred in the maim lebes. in the B plane polarised 
H plane field pattern a slight increase in heif power bean width oc- 
curred when the flare was added and the peak power density of the first 
side Lobes dropped to ~22.2 db, A significant change occurred in the 
B plane polarised 2 plone field pattern, The half power besawidth in- 
ereased from 24° to 31°; the overall beat pattern is narrower; and the 
gide lobes are nonexistest. "Side lobes” at angles lese than ~30" and 
at angles more than +30° have been thoreughly suppressed, 
| The Effect of Adding 2 Parallel Blane Eilter to the dora with 40° 
~E Blsne Flare 
Wigures XXII, XkI¥, XXV, and AVI denonstrate the results of 
adding a parallel plane filter at the aperture of the hora with a 40° 
| E plane flare, A minor change in the negligible H plane polarized 
& plane field pattern resulted. The parallel plane fliter reduced the 
“cross component” field pattern 19 db, causing minor variations in the 
E plane polarised = plane field pattern. For the E plane polerized 
plane field pattern the first side lebes occur at -27.8 db.j the see- 
ond pide lobes have « peak value of ~24,5 db. and are asymmetrical, A 
slight increase of hslf power beam width from 4.5° te 4.7° also occurred, 
The Effect of Adding 9 faraliel Wire Filter te the Hora with E Blane 
Ehare 
| Approximately a -10 db, attenuation was achieved in reducing 
the "cross component” of polarization Wy using the parallel wire filter. 
4, Sogparison of the Soumted and Neagured Field Fatieras in the 2 Plane 
Figure XXk is « correlation of computed and measured values of 
the E plane polarized, E plane field pattera and includes a graph of the 


Qt 


hertuaieg onpadg ion! al .gedek ais ome 
on Re a erineae sca! wou Riad wh 


at hewiuesy soolteied ia 
hesnaraat Nigtha aunmedtag belt esgalq H 
Sep sad Se @tinnah seweg 4Aaeq ads hye bebbs cov eseld al open bercas 

Vad, } a beppaooe eumedo, Janet thayie +2 BeSa- at hagquah aedods ahbe 
sf “Ab tbtwcaed saw: has eae. NR AG biekS onala 3 panini eemlad 
ye Ad Bes aeworssa ot suedian nied Adaove odd 2°56 oF “3s apad donoeme — 
te es | udiuaaemtideution hoped sedengateens. en ah il 


re ee x ll Ree 


. : nh tt a Sn 2,” 
Yo aewley hervasen baw butugis 2 yoRtalewioo 9 al Lewy S 


Mh lg ayy! r 
st Ye sama saa mete, Ninth sna nag ain at 


computed values of phase shift encountered when the origin of the flared 
section ia employed as the origin of the coordinates. The slope ef the 
phase shift curve indicates that the center of radiation of this per 
tiowlar horn is 32.6 om, from the origia of the coordinates and on the 
x axis. 
Figure XXXI 1s a correlation of computed and measured values 
for the E plane pattern of the horn with 40° B plane flare. 
Figore KXVIII is a plet of the theoretical ellipticity of the 
Ht plane field pattern, Alse included is a plot of the measured magai- 
tudes with theoretical phase values for positive values of @, (£ = #). 
Figure XXIX is e plot of the theoretical ellipticity and measured mag- 
aitudes with theoretical phase values for negative values of 0, (2 = f). 
The magnitades of the power densities in these elliptically polarised 
waves is given adjacent to the plotied points. These graphs include aly 
“the fields in the main lobe loceted on the H plano, The derivation of 
the use of the Smith Chart for this purpose is given in Reference (13).” 
ys The results of VSWi tests made for the five hora conditions 
a are shown on Smith churts, See Figures XXXII through KXXVIT, 
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, See Appendix, Section B for detailed interpretation. 
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JSSlOn OF RESULTS 
Evaluation of the Accuracy of Fabrication of the Laterally Radiating 
Horn 

The asysmetries in the side lobe patterns in the H plane 
fields indicate that highly refined mechanical symmetry did not exist. 
Although ulnor phase distortions were present in all of the 2 plane 
patterns, correlation may be achieved between an ideally constructed 
horn and the horn employed. Therefore, the fabrication accuracy of the 
horn is considered adequate for the purpose of this thesis, Inprove- | 

: ment in performance might be achieved by slectroforming the horn or com- 

structing the horn of aluminum alloy with an improved horn bend shown in 
Pigure XI in order to improve structural rigidity. 

A further measure of the accuracy of fabrication may be made 
by considering the H plene polarized, 2 plane field pattern ia Figure XIII, 
The theoretical horn would give « sero field pattern fer all values of 0, 
and in the physical horn all Meld strengths are negligible. Therefore, 
@ high degree of syumetry was present in the horn and the herna wae prop- 
erly eriented with respect to the incident wave polarization for the field 
pattern tests. . 
Evaluation of the Methods of Computing Pleld Patterns 

The change of variable method employed to obtain the H plane 
field pattern for the BE plane polarised wave is highly accurate for ob- 
taining field patterns of a sectoral horn that has a 90° H plene flere 
at the throat, The expression is easy to evaluate, However, it is 
Limited to 2 sectors. In general design work Formula (3) is recomended 
as a first approximation te the field pettern. Formula (3) has the ad- 
vantage that eny velue of flare angle or radius may be employed to give 
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the designer a first estimate of plysical Siue, Figure XVII indicates 
the linear equivalent source method gives accurate values for the heif 
power beam angles and good results on the magnitudes and angles of the 
first side lobes, 

The derivation of the Fourier-Bessel series method involved 
alightly more refined approximations. It gives the field pattern for 
all values of Ry, #7, and @, and 1% should prove to be the most useful 
method of computing the fields, As e result the calculated ellipticity 
of a given design of laterally radiating horn may be plotted by Saith 
chart nethods, >) The Fourler-Bessel series gives accurate results 
for the half power beam width and the angle of the first side lobe te- 
gether with approximate values for the magnitude of the first side lobe 
and angle of the second side lobe. | | 

FPorsulas (6) and (7) appear to be formidable infinite series 
: of Bessel functions, but a atudy of the coefficients given in formulas 
(4-52), (a-55), 4-58) and (4-59) reveals that the values of A(n,f.) end 
Gla,f,) decrease very rapidly with increasing values of nif 9 isa 
moderately large value. For this astenaa the computations did met in- 
 yolwe Bessel functions of order greater than 6, In addition, ao single 
field computation involved more than 4 orders of Bessel functions. The 
references’) (2) had sufficient values of the arguments of the Bessel 
functions end 2-8 tamiated that all sectors of the H plane field pat- 


terns that were of interest could be plotted, The H plane polarised, 


fe % plane field pattern becomes sero both through symmetry considerations 


nd through the coefficients of the Bessel functions being all sere, 
In the B plane polarised, £ plane field pattern a sector of 
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4G 
oaly 40° gould be paotted since the Harvard Uaivergity series of tamilated 
values of Bessel functions did aot iist erguaents greater than 20, When 
& more complete set of Bessel function values is published, it will be 


possible to plot the E plane field patterns through a wider range of & 


‘values, About five hours of concentrated effort is required to evaluate 


 @me field pattern. 


he Effectiveness of the Parallel Plane Eilver 
| A That the parallel plane filter employed was overdesigned is : 
evidenced ty the absence of any H plane poleriscd radiation in Figure XV. 
‘Tt was designed this way in order to determine the affect on horn inped- 
“y ante when the cross components of polarization were completely eliminated, | 
Because the elinination of the cross components was accompanied by enly 
minor decreases in peak power and miner variations in the field patterns 
of the E plane polarised components, the parsilei plane filter is con- 
sidered to be an excellent method of reducing or eliminating elliptical 
polarisation. 
The Results of Varying Wavelength in the Field Pattera Lests 

The laterally radiating horn is not a frequency sensitive ra- 
diater, See Figure “VI. This was demonstrated ty the reaults of vary- 
ing the frequency from 9380 mops. to 6860 mcps. The expected phenomena 
oeourred, The half power beam width increased slightly due to a reduc- 
tion in aperture length measured in wavelengths, The angle at which 
the first side lobe cecurs increased and the magnitude of the first 
side lobe decreased, There wus no large alteration of the shape of 
either the major lobe or the first side lobes, Correlation of the re~ 
sults in the side lobes beyond the first side lobe depends upon « knowl- 
edge of the variation of the horn geometry from the ideal and a knowl- 
edge of the magnitudes of the higher mode fields, 
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A Gompartgon of the Laterally Radiating Lorn Field Patterns with and 
without a Parsllel Plane Filver 

A check on the gymuctry of the astenbly of horn and filter 
from the field patterns revealg that symmetry is good.” 

That the peak power of the main lebe is down 1,5 db, indi- 
cates that the filter at this frequency is reflecting or dissipating 
gome of the energy. That higher uode Melds are being generated in 
the filter is evidenced wy the fact that the half power beam width is 
increased in the = plane and the side lobes are more prominent and at 
a higher level, See Figure XII. This particular point could be a 
field for further investigation, but the ragged side lobe pattern with 
high peak values indicates that not much could be gained from an at-~ 
teapt to iuprove the E plane pattern through the use of this filter 
alone. 

Computed Design Curves 

Although the design formulas were developed in this thesis, 
there was not enough time svallable to compute a full set of laterally 
radiating born design curves because experimental verification of the 
theoretical field patterns was essential. Purther investigation of the 
H plane half power beam widths, the H plane side lebe level, the £ plane 
half power beam widths, the peak level of cross polarization, end the 
ellipticity of the fields in Fraunhofer space would be desirable. Plots 
ef these quantities could be made as functions of sb and J. If the 
ellipticity is of interest, plots of this quantity could be made on the 
Gaith chart.) seme of the points could be verified experimentally, 


" The H plane polarisation was practically éliminated from the radiation 
elds. 
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A Comparigon of the Field Patterns of the Hom with and without « 40° 
Parallel Wire £ Pisne Flares. 

A check on the H plane polarized, FE plane field pattern with 
and without E plane flare indicates that symmetry de good, 

It was considered that the addition of parailel wires in the 
EB plane would cause currents to flow along the wires Im the & plane and 
thuc force sore energy into the E plane polarised fields, This was net . 
measurable in the fieid petterns, Since the center to center spacing 
ef the flare wires wes 0,198, and the diazeter of the flare wires was 
- ghout 0.099% only bout 1 per cent of the noraally incident radiation 

ghould pase through the flared section for E plane polarized energy and 
WH plane polarised euergy should pass through omly slightly attenuated, \*”) 
However, since incidence of the energy on the sides of the flare is per~ 
allel rather than normal, little energy of H plane polarization should 
pees through the flare wires and it will act as a pure flere section. 
EF the wires vere spaced farther apart, there vould be larger lose of 
EB plane polarized energy through the wires, and the wires would ne 
lenger provide the results usually obtained ty flaring with solid ne- 
tallic strips. 

In general, the addition of 1/8 inch brass rode spaced 0.435 om. 
on centers in the H plane and flared in the & plane at an angle of 40° 
resulted in the affect of adding pure flare to the horn. Actual tm- 
provenents in symmetry resulted in the H plane field patterns, 

When E plane flere was sdded a moderate iacrease in gain was 
realized and there was en increage in H plane half power beam width. 

In the E plane the "side lobes" were severely attenusted go that only 
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one Lobe of amr comsequeace was left, That the half power beam width 
of the B plane ficid pattern was increased by adding “0° & plane flare 
indicated that phase distortion at the flare aperture ie a problem, A 
series of experiments could be conducted similar te those of 

Dy Re nnodes in which flare wag added and the field patterns meas- 
ured for various lengths of flare in order to determine the optinua 
flare angle and radius of flare, Thig could be done for the laterally 
radiating horn. 


& Gomarizon of the Field Patteras of the Horn with 40° E Plane Vlare 


gad & Pavalie, Plane Filter at the aperture sad the Field Patterns of 
fe Horn with 40° E Plane Flore and Ho Filter at the aperture 

Frou the field patteras it cau be generalized that eynmetry 
team good, The parallel plane filter was effective in elimtoating 

H plane polarisation. 

Small variations in the £ plane polarised, KB plane field pat~ 
tem might result from higher mode generation in the filter, The 2 plane 
. field pattern is sufficiently well formed that it could meet 92° helt 
power beam pattern specifications with extremely low side lobe levels, 


whether the f4lter 4s eaployed or not, It may be concluded that the 


parallel plane filter does not materially affect tho E plane field pat- 


Of particuler interest is the fact that the 21 db. side lobe 


Level of the flared horn was reduced 7 db, through the addition of the 


| parallel plane filter at the aperture. Even though there were minor in-~ 


ate erenses in the second side lobe levels, manipulation of the variables 


in the filter design might reduce hoth the first and second side lobes 
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to a symmetrical -27 db. side lobes pattern. In the experimental process 
of nanipulating these variahles, it would be necessary to make impedance 
studies on the horn as wall ag fisid patiorm stwiles, A theoretical 
analysis of the higher mode generation at the fliter may be possible, 
W. D. Hayes concluded that the appearance of higher order modes ig a 
grating of large spacing was undesirable when the grating was employed 
ag & bean forming refiecter, #7) It was discovered that under the con- 
@itions of this experiment the appearance of higher order modes at the 
widely spaced grating may be employed to improve the E plane polarized, 
Ht plane field pattern. 
ea The result of thé investigation of the presence of higher or~ 
? , der modes might be that the developuent of favorable higher modes ney 
be dependent upon frequency in which case the first side lobes would 
Vary with frequency. 
The Specifications Aufilied ly the Horn with 40° Z Plene Parallel 
| Mine Flore and 2 Parallel Plane Eilter — 
Considering the field patteras for the horn with 40° 
& plome flare and « parallel plene filter im Figures XXIII, XXIV, XX, 
and XXVI the following specifications have bean met: 
1, A half power beam width of 4.5° im the H plane, 
2. A half power bem width of 31° in the B plane. 
3. A side lobe pattern in the F plane which has one side 
lobe at -19.2 and the other side lobe at ~-24 db, 
40 First side lobes in the H plane at -2¢ db, 
5. Maximum second side lobes in the H plane at -24,.6 db, 
6 Negligible ellipticity. 
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The parallel wire filter caused only minor changes in the 


E plane field pattern, but it was sufficiently effective to reduce the 

H plene component 9 te 10 db. From apawaptions sade la developing the 
attenuation curves from parallel plane waveguide theory, the attenue~ 

tion measured was a great deal more than the computed values, The par- 
allel plane theory omits the scattering effect of the wires which is 
iupartent, 4n empirical formula was developed ty W, D. Hayes’ tron 
experimental evidence, This formula gives accurate results, Equation (9) 
yielded an attenuation of 9,86 db, when the parallel wire filter parameters 
were substituted, 

The followlag equation may be euployed to obtain the attenua~ 
fon of the K plane polarised component when « parallel wire filter is 
used. 

Log T = 0.0917 4+12,6 $~7,06 (9) 


A Somparison of the Gommuted and Measured Values of the Z Plane Bield 
Patierm of the Horm with 3 Eliane Flare 

An error of 15 per cent exists between the measured and com- 
puted values of the half power beau width in Figure OI, This figure 
also demonstrated that a rough estimate of the bean pattern can be 
made by employing the pattern computetion method given by Equation (8), 
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Admittancee in the frequensy range from 9266 to 6616 mops, 
(7.5 per cent band) were transferred to the horn throat and plotted on 
& Saith chart, See Figure XXXII. 

Investigation of the plot indicates that there is « frequency 
invensitive component of [ . It is concluded that this component, de~ 
noted | 
to be inductive, which ie to be expected for the Hi plane flare, | = 
0.0726. This compares with [; * 0,03 measured ty J. R. aiser (27 ) for 
@ horn with 30 degree H plane flare, [,' was thea subtracted from the ad- 


» 1s due to reflection at the throat. This mismatch appears 


mittences which were then transferred to the horn aperture. See Figure AXKVIL, 
The mechanical length of the hora is approximately 44 om, If the 

change of frequency required to cause a rotation on the Smith chart is con- 

sidered the virtual length of the horn is determined as 

(0A) + 9, 


a 

ag = rotation around the Saith chart, 

TT, * the wavelengths of the two frequencies, assumed to be 

in free space, 

The mean of these computations indicates a virtual horn length 
of 51.9 om, At a virtual length of 51.2 om, the minimm epread of [, (at 
the aperture) was noted for a veriation in frequency. /, indicates that 
‘the aperture admittance has 4 capacitive susceptance which is to be ex- 
pected, {7 = 0.178, If the aperture is considered to be the sume as 
TEM propagation through two plane parallel plates spaced 1,02 om. theo- 
retical conputations indicate [7 « 0,322, 79) 
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Any component of reflection due to «a mismatch at the 90° bend 
is not discernible from the data obtained, 

The Horn with Parallel Plane Filter, No E Plane Flare (Condition 2) 

Admittances in the frequency range from 9349 to 8729 meps, 
were transferred to the horn throat and plotted on a Smith chart, See 
Figure XXXIII. 

[ of the same order of magnitude as that for Condition i is 
observed. The admittance plot follows the same contour except at the 
lower frequescies, The filter is in effect a cut-off wave guide for the 
H plane components of B, That it is effective in shorting out these com 
ponents was apparent from the field pattern. 

The Horn with 40° E Plane Flare added, Yo Filter (Gondition 3) 

Adwittances in the frequency range 9343 to 6608 mops. (8.5 per 
cent band) were transferred to the horn throet and plotted on a Smith 
chart, See Figure XXXIV. 

[- Similer to Condition 1 was observed. 

The adaittence plot indicates that there is a condition of 
resonance in the horn, The rates of rotation of 4 for different fre- 
quencies indicates a virtual horn length of 51 om. [, has been re- 
duced at the higher frequencies and increased at the low end of the 
band, For the length of E plane flare employed, 9,3 cm. (~3A), it 
wuld be axpeuted that the aperture fe well matehed to apace, 7? 

The resonant element is probably to be found in the wire rods (spaced 
0.635 em. on centers) used to obtain the B plane flare. It had been 
hoped that these rods would provide not only flare, but also would 


serve to eliminate the H plane polarization in the field pattern. 
Since this was not #°complished, E plane flare could be obtained using 
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solid sheet. H plane polarization is beat eliminated wy enploying one 
of the mode filters, The horn dimenglons could be adjusted to give the 
best impedance characteristics as is done with a compound horn, (40) 
The Horn with 40° E Phane Flare, Parallel Plane Filter (Condition 4), 
nd with 40° E Plane Flare, Parallel Wire Filter (Condition 5) 

The admittance characteristics for these conditions follow 
these of Condition 3, The filters appear te heave no adverse effects 
on the admittance characteristics. 
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V CONGLUSLONS 

The Laterally radiating electromagnetic horn has a tan 
diating ape ture in a plane surface and the surface is 
formed along en are of a circle, This plane surface is 
also a plane of constant phase, 

The EZ plane polarized, H plane fields can be computed by 
means of a linear equivalent source or a Fourier-Bessel 
series. 

The Fourler-Bessel series method can be employed to com- 
pute the fields in Fraunhofer space for all modes at the 
aperture. 

The addition of E plane flare to the laterally radiating 
electromagnetic horn will result in increased gain, but 
the E plane half power bean width may increase, 

The addition of a parallel plane filter will eliminate 
undesirable H plane polarization, 

The addition of the parsilel plane filter can reduce the 
first side lobe level in the H plane field pattern. 

The parallel wire filter is also effective in attenuating 
H plane polarization. This attenuation may be approxi- 
meted by an empirical formula, 

When the frequency is decreased the EF plane polarized 

H plane field pattern increases in half power beam width 
slowly, increases in angle et which the first side lobe 
eceurs, and reduces in the magnitude of the first side 
lebe. The general contour of the beam pattern is unchanged, 
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The main lobe of the uncompensated laterally radiating 
electromagnetic horn is lineerly polarized in the © plane, 
and right elliptically polarized to the right of the 

E plane, sad left elliptically polarized to the left of 
the E plane, 

The mismatch of the uncompensated horn at the throat ap- 
pears to have components due to lumped sdmitteances at 

the horn throat and aperture, The throat component can 
probably be eliminated by rounding the transition at the 
beginning of H plane flare. 

The mismatch at the aperture may be reduced by employing 
B plane flare which is also desirable in terms of the 
field pattera, The use of wire rode to obtain this flare 
apparently causes & resonance in the admittance charac~ 
teristics, Since these rode are not successful in elin- 
inating H plane polarisation a sheet E plane flare should 
be used, For best admittance characteristics the hora 
chould to diaigned an & aeugtent hous with cenedhibue ten 
fleetions over the band desired. 

The use of mode filters at the aperture to eliminate 

H plane polarisation does not have any characteristics 
which affect adversely the admittance characteristics, 
When designing the horn their effect over the frequency 
band should be determined and considered as a means of 
minimizing .« 
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Vi RECOMMENDATIONS 


The following recommendations are presented: 
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& complete set of design graphs could be made of main 
lobe half power beam widths, first side lobe magnitudes 
and angles et which they occur, the amplitude of the 
“cross polarization" lobes in the H plane, the E plane 
half power beam pattern, and ellipticity patterns for the 
uncompensated laterally rediating horn, The FPourier~ 
Seseel series methed of computation could be employed, 

An experimental investigation of the affect of various 

EB plane flare angies and lengths of flare on the E plane 
field patterns could be conducted, 

A thorough investigation of the affect of varying the 
filter parameters on the field patterns and the impedance 
characteristics of the horn should be made. It should be 
determined whether the higher order modes formed in the 
filter are sensitive to changes in frequency. 

Au investigation over a larger band of frequencies, per- 
haps £0 per cent, could be conducted to determine what 
positions of beginning of BE and H plane flares, bend, and 
mode filter gives the best impedance characteristics, 
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ILLUSTRATIONS 
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Latereally Radiating Electromagnetic Horn, Design Type A. 
General Coordinate Systen. 
Coordinates for H Plane Sectoral Horn. 
Linear Equivalent Source Geometry. 
Laterally Radiating Electromagnetic Horn, Design Type 5. 
Block Diagram of the Pen Positioning Systen. 
Block Diagram of the Pield Pattern Measurement Apparatan. 
Experimentally Determined Optimum Dimensions for Rectangular 
Horn Antennas. 
The Geometry Employed in the Solution for the B Plane Array 
Factor. 
Description of Filters. 
Recommended Bend Cross Section Design. 
E Plane Polarized, li Plane Field Pattern of the Laterally 
Radiating Horn with and without Parallel Plane Filter. 
H Plane Polarized, i Plane Field Pattern of the Laterally 
Radiating Horn with and without Parallel Plane Filter. 
E Plane Polarized, BE Plane Field Pattern of the Laterally 
Radiating Horn with and without Parallel Plane Filter. 
H Plane Polarized, H Plane Field Pattern of the Laterally 
Radiating Horn with end without Parallel Plane Filter. 
& Plane Polarized, H Plane Field Pattern of the Laterally 
Radiating Horn for . = 3,2 om. and A = 3.382 Cm 
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Computed and Heasured Values of the ¥ Plene Polarised, 
ii Plane Field Pattern of the Laterally Radiating Horn. 
Computed and Measured Values of the E Plane Polarized, 
H Plane Field Pattern of the Laterally Radiating Horn. 
E Plame Polarised, H Plane Field Pattern of the Laterally 
Radiating Horn with and without 40° & Piae Flere. 
H Plane Polarised, H Plane Field Pattern of the Laterally 
Radiating Horn with and without 40° £ Plane Flare. 
E Plane Polarised, # Plane Field Pattern for the Laterally 
Radiating liorn with and without 40° E Plane Piare. 
H Plane Polarised, E Plane Field Pattern for the Laterally 
Radiating Horn with and without 40° E Plane Flare. 
B Plene Polarised, H Plane Field Pattern for the Laterally 
Radiating Horn (with 40° E Plane Flare) with end without the 
Parallel Plane Filter. 
E Plane Polarised, & Plene Field Pattern for the Laterally 
Radiating Hora @with 40° EB Plane Flare) with and without the 
Parallel Plane Filter, 
H Plane Polarised, B Plane Field Pattern for the Laterally 
Radiating Hora (ith 40° E Plane Flere) with and without the 
Parellel Plane Filter, 
H Plane Polarised, H Plene Field Pattern x for the Laterally 
Radiating Horn (with 40° 2 Plane Flare) with and without the 
Parallel Plene Pilter. 
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Title 


i Plane Polarized, H Plane Field Pattern of the Laterally 
Radiating Hora (with 40° E Plane Flare) with and without a 
Parallel Wire Filter, 

Plot of the Ellipticity of the Lateraily Radiating Electro- 
magnetic Horm for Positive 9 and Right Elliptical Polarization. 
Plot of the Ellipticity of the Laterally Radiating Electro-~ 
magnetic Horn for Negative @ and Left Elliptical Polarization. 
Comparigon of Measured and Computed Values of E, in the 

E Plane 

A Comparison of Measured and Computed Values of fy in the 

E Plane for the Laterally Radiating Electromagnetic torn with 
40° & Plane Flare. 

Admittances of the Uncompensated liorn, (Condition 1), for Dif- 
ferent Frequency. 

Admittances of the Horn with Plane Parallel Plate Filter, Ne 
E Plane Flare, (Condition 2), for Different Frequency, Trans- 
ferred to the Throat. 

Admittances of the Horn with # Plane Flare, fo Filter, 
(Condition 4), for Different Frequency, Transferred to the 
Throat. 

Aduittances of the Horn with E Plene Flare, Plane Parallel 
Filter, (Condition 4), for Different Frequency, Transferred 
to the Throat. 

Admittances of the liorn with E Plane Flare, Parallei Wire 
Filter, (Condition 5), for Different Frequency, Transferred 
to the Throat. 
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Figure Titse 
AXXVIT Admittaace Components at the Horn Aperture for the Uncom-— 
pensated Horn, (Condition 1), for Different Frequency, 
Transferred to the Aperture from the Throat. 
XXXVIIL Photograph of the Laterally Radiating Horn on the Turntable. 
XXXIX Yrotegnigh of the katerally Sadtating Hern (with 40° B Pia - 
Flare) on the Turntable. 
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Fig. XXXIX 
The Laterally Radiating 
Horn with 40° Plane Flare) 
on the Turntable. 


Fig. XXXVIII 
The Laterally Radiating 
Horn on the Turntable. 


APPENDIX, SECTION B 
DETAILS OF PROOZDURE 


‘ in order to determine analytically the performance of the horn, 
the first step is to develop the integral field equations applicable to 


a the Fraunhofer region of space. These equations have been developed ‘2? 


and will be integrated to obtain the radiation pattern of the hora. The 
coordinate system is given in Figure II, 


_~juR 
bgp = EE (1+ VE co 2) |x, Gos J +M,, Sin | (A-2) 
g = = (con 0+ 0 VE) Sin J-H, Coe | (a~a) 
of 4a ( 8 a é, E ~ y 8 
Vhere @ is defined by the relationship, 
and 
4 Sa _Jk(x Sin © Cos S+y Sin @ sin 9), tacts 
] 
= Ja, eik(x Sin © Cos P+y Sin © Sin 9), (1-5) 
; 


In order to integrate the field exoressions it is necessary 
to make o valid assumption of the fields existing at the aperture of 
the horn, Consider the laterally rediating electromagnetic horn as an 
H plane flared sectoral hora with e gradual £ plane bend of low curva- 
ture as illustrated in Figure I. The fields in the sectoral horn'™) 
for the geometry in Figure III are given by: 
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a ah Cos w@ || .(2) yi) 
k, = A, bat. Gens Me | (4-6) 
at | Foe (1) | 
a )+0, 5 (xr) A~'7) 
Hy * Bro, ig | ma ig) ( 
° 

Hy = = | Sea sit (ler) + c, gt) Po | (4-8) 
2 a2 a, 
) ‘i a gp) (icr) and yh) {kr) are Hankel functions of the first and pec- 


a ond kinds respectively. Because only large flare angles and large radii 


i, Will be employed in this investigation the asymptotic expressions for the 


Henkel functions may be exployed. 


a (kr - 

i) (cr) = 2]? 6” ear aa (4-9) 
2 | 

al?) (er) =f} oS - (2at (4-10) 


Equations (4-9) and (A-10) indicate that the equiphase surfaces 
are separated by free space wavelength near the aperture, Considering 
only the solution of the wave traveling in the positive r direction, the 
fields at a fixed radius, t 5? from the origia in Figure III become: 


By = Mtbie er 


* &0, op (a) a ) (a~22) 


eA 


(6-4) } (ax) te + nay || 9 % ,* é 


aa nl 


tt kale se) Hy i po Hic Aisne 
RNA Rohl, Bk Lees, abi og, hbo, 


i 
i, = 7 oes (ur) (4-13) 
Because the laterally radiating electromagnetic horn design in 
Figure I has a constant mean path length between the origin and any point 
on the aperture, the aperture can be considered to be a surface of con- 
- ptant phase with a distance between constant phase surfaces in the trav- 
eling wave of free space wavelength. These constant phase surfaces lie 
in a plane, tut the surface is fixed by geometry as an are of a circle, 
Consider the aperture arc in the coordinate syetem in Figure II. k, in 
Figure III becomes E in Figure Ils H, in Figure III becomes H, in 
Figure II; and H, in Figure III becomes Hy in Figure If, fhe field ex- 
- pressions near the aperture become: 


B= 4, at les (ALA) 
A @ : 
a, * tx, aa (kr) (A-15) 
= 4 a.\/8o °*(M2) (2) ¢, i 
ay =~ 4,\/%2 bn (er,) (4-26) 


At moderately iarge values of r x 
§ 
“j uf?) ss a?) (4-17) 


and approximately free space wave impedance exists at the aperture, The 
field components which lie in the aperture plane can now be written at 


R= a, re (4-28) 


iy = By 3 Cos gi (A-19) 


° 


ere 
= 


Where: 
4 |) lle 
B= A, “e) (ics) (4-20) 
@ 
From Equation (A~i8) the values of the x and y components of the 
electric field intensities can be written. — 


7 .* B ven) Cos @ (A-21) 
B= By ros sin ia {A~22) 


Higher order Hi modes may exist at the aperture, but these will 
be considered later, 

The Ldmear Equivalent Soures Method of Determining the E Plane Polarized, 
«iH Plane Field Pattern 

| Because this pattern is of primary interest and because this 
method of approach yields simple expressions for the field patterns, the 
linear equivalent source method will be presented first, The geometry of 
this linear equivalent source is given in Pigure IV. The assumed fields 
in this linear equivalent source are the fields projected from the are to 


the Line, 
Fa Vag (Es) (4-23) 

z, 7 4, | con) (4-24) 

= B, a “ah in/ £) | (4-25) 


Ni, may now be computed by first substituting Equation (4-24) 
into Equation (4-4) 


kx Sin 9 Co Sin 9 Sin 
peg: {7 fy Cos mx Gos Bot sg ees Pox by 
> a, “Y, “Ax, 4 9 


(A~26) 
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After integrating Equation (A-26) beconea: 


+jmax Sin @ Cos ~jkixn Sin 9 Ces 
aura o -Sie, 


aj &x - 
i= a nae 
x ax, j& Sin 8 Oos | 2g 


ata ~k Sin @ Sin of a ole k Sin g cia fy, 


Yo ay 
2 
a my Bh ae +k sing aindhy 
- sin x stn g stn of y snl 8) stat ex ain § ng, 
eile Courant Toe « cnininabiamepataisiaaaitaieiat cil te. Cale ae 
{Agee x osm 6 sim of y, {Fs sing sn dly, | 
oS ° 


(a~27) 


sta) ee Sin aly, san ee Sin ofy 


- ax, Yo v. v. ° 
x* 2 
(r+¢ ) (w+) 
(rte bass of ¥,, eee Sin o| Ys 


(w ~3,) 
+ ssa ne Sin oly, aa) + k Sin of y 
scnaiibtinicettl cl cpacinnciliciiians Uy dist aa GAM inchiennenies atid danas 


{Se Jalen oby jae +x sin of y 
. 2y,, © 
| (4-28) 
Equation (A-28) will give highly accurate values for the half 
power beam widths, and moderately accurate results for the peak power 
densities of the first side lobes and the angles at which the side lobes 


occur, 
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Linear equivalent source methods used in computing the other 
three principal patterns in the H and E planes are highly inaccurate, 
If the fields are assumed to be projected directly without any factors 
which take into account the curvature of the physical source and the ef- 
fect of equivalent area variations with curvature, then the integrals 
will result in functions which have the same symmetry, but erroneous 
|  welative magnitudes. 
The Array Factor Applied to the Antenna, Sype 3 


+g ' , 
pa j % Sos@ t  tjkray Sin 0 Sin J" , 4, | 
dy _ Gos #' « og (2-29) 
When f, = Z, x, sin ft = y {a~30) 


io eubstituted in Equation (A-29), it becomes: 


, 4y P 
r=) ® 1-225 a by (A~31) 
Pe av 
Where 
a = jk Sin 9 . {A~32) 


This changes the variable of integration to an integration with respect 
toy. (Straight line equivalent). 


ge Se he [ (te ah 2)- au fe 8%) I 
(4-33) 
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For the dimensions of the horn this reduces ter 


Sin (sr. Sin 9) Cos (ky, Sin 9) 
F = + 0.000726 amare: "aac ~0,038 aaeeen ements (A~35) 
Sin?@ Sin“e 


the Fourier-Besse), nBEL99 iethod of Field Pattern Evaluation 
Converting Equations (A~4) and A~§) inte en integration in the 


wy plane in plane polar coordinates ty means of the relationships: 


x= rt Gos gt | (A-36) 
y =r gin # (A~37) 
the diffraction integrals becone 
. * Vs ,* Sin @ rt Gos (g-¢*) rt brt 6g! (4-38) 
2 | : : 


Solving first for 1, we aust substitute Equation (8-21) inte 
Equation {A-38) ® 


| ‘ek et " kr! sin @ Cos (9~*) |. 
ma \? j "08 HF con 9 e! | rt bet Ut 
 * ’ 
ts | (4-39) 


Integrating first vith respect to #* can be accomplished employ- 
ing the expansion: 7 


+o 
giur Cos (-B1) = S 3” a (ur) eiaB-#") (4-40) 
n= - 0D . 
or wy the approxcnation 
é = i 
Gos (f-$") = 1 Aba eu (a-41) 


Either method yields extremely complicated formulas that cannot 
_ be integrated with réspect to r! readily. 

However, Equation (A-39) may be integrated first with respect 
to r', 
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Let 
M= k Cos (9~9') Sin 9 


Integrate and evaluate limits. 
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As a second order approximation, let 


jitér 4 1+ js + Lend 


Substitute Equation (A-46) into Equation (A~45). 


r j 
“(jur,- 1) -¢ 


Jie, + ube 
[ 28 Gar, + subr-2) - € 


(A~42) 


Mtr, 
*( oir, ~ 2) | ba 


(4-43) 


(A-44) 
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(A~45) 


(a-46) 


After an slimination of 


terms of higher order than the third power of br, the equation becomes: 
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ivr 
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(A~47) 


Because M appears in the terms which ere also « function of r, it is 
necessary to resort to only a first order approximation to the field pat- 


(A-47) 


tern. Substituting Equation (A-42) into. 
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| | - jer, Sin @ Gos (J~9!) 

a * Br br lbs t Cos #' «& 
i an Aes (A~48) 

Bapleying the identity ‘7 
kr, Sin @ Cos ie 
< sh = > J? 5, (er, sin 0) ein (B- 9*) 
na 


(A~49) 
and the obvious trigonometric identity, we obtain 


* @© oe +f 
ar ge 
= a8 > J" 5, (er, sin 0) of”? ¥ [oa 1) gt + Cos F-2) 94] 
DS OO ~~ 
2 
2 | 
[cos nft-j sin nft} opt (4-50) 
‘Because the limits on the integrals are symmetrical, the integrals having 


edd functions integrends will be sero. After integrating and evaluating 
‘Lmits, Equation (4-50) becomes: 
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us a §" J, (er, sin ¢) o/™? (2) (a, #,) (52) 
RS~ a 
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— singe +itn) singe +1-2) 3 
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(A-52) 
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Bmploying the identity 
Ps % n soe reas : 
7 an Sin 9) = (-) J (kr, Sin 9) (A~53) 


Equation (A~51) becomes 
B,r,dr g 
i, = hh tt | a(0,0,) i (kr, Sin 9) + 
bo.8 
#2 J, (ir, Sin 0) a(n,f,) 2(n,9)] (4-54) 
n=l | : 
where 
B(a,d) = g™ ef (pry) g-dnd (155), 
The computation of W, ty direct integration may also be accom 
plished ty substituting Equation (4-22) into Equation (4-38) and repeat~ 
ing the steps from Equation (4-39) te Equation (4-50). 
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[simta- gs +8in (1+ 7s [cos ad? j sin npt|ag (4-56) 


Beoause the limits on the integrals are symmetrical, the integrals having 
edd function integrands will be sero, After integrating and evaluating 
limits and ewploying the identity given in Equation (A-53), Equation (A-56) 
becomes 
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where 
sin a-F--0) 0 om aed % 
o(n,f,) = a ee . mw Te " 
(a _-* 2 ' a+x-a) a 
Sin (1g +n) - Sin (1 -#--2) fe 
_, ean aaeaniie see aati (A~58) 
a-¥- +n) 2 (+g+e) “2 
and 


D(ayp) = 3% gh _ (.yny(-—@) gndnd (4-59) 
Nand Hy substituted in Equations (A~1) and (A-2) adequately 
- express the fields for any point in Fraunhofer space. As a result of the — 
approximation employed, these formulas are Limited to the case when the 
aperture distance in the radial direction is small in comparison to the 
average radius of the aperture, However, we may apply the continuous ar- 
ray factor concept to the aperture to obtain a better approximation to 
the E plane fields that will result when the B plane flare is added to 
the laterally radiating horn. 
Euploying ihe Array Factor to Obtain the Z Blane Zielda of a Large 

By symmetry and the Fourier—Bessel series field equations Ey 
is sero in the E plane, Consider the field from the differential radi- 
ating elenent in the aperture in Figure IX to be given by the Fourier- 
Bessel field pattern equations. Let br become 4x! and integrate in the 


x! direction. 
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after integrating, evaluating, and letting 
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the field expression becomes for g = 0° 
Sin(wAx', Sin @) 
le | a (A~62) 


(—-* sin 0 | 


In this integration the area M was excluded and the area N wes 
included although it was not physically in the aperture, However, in the 
majority of antennas of this type errors due to this approximation are 
negligible because the fields in the ends of the aperture are very small 
in magnitude, | 
The Fraunhofer Field Expressions for H, . Medes at the Aperture 
The radiation fields for modes of higher order than Kio may be 
developed ty employing an identical procedure as that eaployed in the de- 
velopment of the Fourier-Bessel series method, Because of the narrow 
aperture dimensions, the = modes are attenuated before they reach the 
aperture from the bend, By symmetry the even ordered By 0 modes cannot 
exist at the eperture, The odd order Hy 0 nodes may exist by symmetry... 
Through a similar analysis to thet preceeding this discussion, for the 
fields given by | 


y 

E., = B, Co Cos pt -63 

a = 0 sf (A-63) 
ingt 

Bi * By Cos Sin g | (A~64) 
a, 


the diffraction integrals are given by 


2 28,r,dr¢ 
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SD é 
+ Za J (cr, Sin 8) A, (m4) B(ad) | (A~65) 
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Employment of the Snith Chart to Plot Milipticity in the k Plane 
In order to make use of the ellipticity of the uncompensated 
laterally radiating electromagnetic horn the plane field pattern el- 


lipticity from @ = -5° to @ = +5° is plotted on the Smith chart in 
Figures XXVIII and XXix. The computed values were obtained from 


Gy (uy8,) * 


Equations (6) and (7) and the measured values were obtained from the 
values on Figures XIX and XX and by assuming the phase relationships 
given wy Equations (6) and (7) hold, The following conventions are en- 
ployed: 
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lL. All pointe having the sane direction of rotation are 
plotted on one Smith Chart. 
2. Sircles of sonstant stunding wave ratio are circles of 
constant =0 ratio. 
3. The angle at which the major axis of the ellipse is ori- 
ented with regpact to the Ey axis ig half the physical 
| engle on the Suith chart. | 
The Method of Couputing E, in the E Blane for the Horn with 40° 2 Blane 
Ziare | 
Equation (8) was employed, G(@) was obtained from Pigure 10.12 
of Reference (36) which gave the velues for « 40° B plane sectoral hern 
with a length of 3A. B g(G,0) was taken from the values of the computed 
E plane field pattern given in Figure XXXI. 
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9332 
9286 
9219 
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goi3 
897% 
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Condition | - Uncempensated Horn. 


VsweR ra 
2.30 3.2376 
2.2° 3.3699 
2.00 -3.279%6 
het. SO 
465 3.3822 
46S 3.3864 
1.57 3.3963 
1.43 3.4095 
4375 3.4114 
(1.30 3.4157 
2G . 3.4335 
L235 | 3:4327 
21 3.9419 

4.25 3.949) 

14335 3.46062 

1. +1 3, 4686 

1.50 3.4775 

1.58 3.4818 
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minima to space 


10.55 12.86 
9.82 12-18 
9.49 //.87 
8.99 11.42 
8.89 1.39 
8.70 “rtd 
8.48 40.97 
8.12 10.62 
7.86 10.45 
7.70 /0.30 
7:36 9.98 
7.03 9.58 
IIs 1.35 
2.84 “4S 
8.39 11.03 
§.07 /0.7¢ 
7.83 (0.48 
7.70 4. 40 
“a” 2 3.3m. 
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Cond:tionZ - Horn with Plane Poralle/ 


2.00 3.2089 
2.00 3.2148 

2.00 3.2306 
2.00 3.2542 
1.90 3.3687 
1.80 3.2819 

1357 3.2985" 
141 3.31/02 

7.38 3.328 
1.37 3.3422 
1-40 3.3520 
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1.45 3.3715 
1.42 3.379) 
/.38 3-389) 
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1.10 3.9199 
}0S 3.49227 
Los 3.9317 


1.08 3.4376 
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Flare 


4.36 
1.16 
/0.73 
/o.09 
9.75 
4.73 
Avs 
10.87 
fe.30 
12.23 
2.00 
N65 
11-40 
H-22 
10.9) 
je-58 
12 82 
/o.0S 
12.40 
168s 
1-353 


10.47 
jo. 40 
10.25 
/0.04 
9.491 
9.80 
9-65 
9.54 
9-37 
9.24 
Sis 
9.05 
8.95 
8.89 
8.78 
&.6/ 
11.09 
£46 
11-02 
19.94 
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12.50 
12.32 
(2.2/1 
“1.52% 
4458 
“U.56 
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“4.45 
4.17 
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11-09 
M.or 
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/0.71 
10.68 
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6.065 
0.166 
0.213 
0.130 


- O51 


0.176 
0.212 
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0.248 
0.268 
0.315 
0.37/ 
0.432 
6.486 
0.044 
0.086 
0.112 
0.123 


©.471 
0.480 
0.039 
0.127 
°.l@? 
0-214 
0.279 
0.347 
0.429 
0.497 
0-036 
0.086 
6.110 
0-423 
6.145 
0-20] 
0-264 
0.29) 
0.331 
6.¢a! 
0.474 
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90° H Plane Flare begins 


shert circuit 


Schematic of [Measuring E quiprnent 


/. All frequencies are megacycles , oll distances 
centimeters. 


2. “a” js the distance trom the short cuccurt 
to the Flange. 


3, “Rotation “ signifies the Smith Chart rotation 
toward the Joad to be used for plotting 


admittance s. 
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Condition 3- Horn with E Plane Flare » No Filter Condition 4- Horn with E Plane Flare, Plane Parallel Plate Filter 
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APPENDIX, SECTION D 
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ee eee Sin a 
_ sia [Se fe sag Sin Eh é sinf ee et ay Sin a | 
we a eee 
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pe wee ee ee a ee 
a 2. - 


) 243562 263562 062000 043000 0.7854 
1.087 1.2692 304492 0.7520 ~0,0854  ~0,3016 
26175 0.1812 4.5312 09,9946 ~O.2171 ~+1.3896 
30260 0= 0.9038 «= 55,6162 8= 00,8695 +0,1011  -24.4746 
e340 = 1.984 6.6960 0.4610 0,0604 ~+3,5550 
5,420 ~3.064 7.7760 0.0245 06,1281 ~4,5350 
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3 G H > ih: aS K 
mevene ae ) ‘ ete Sin - G D+E+H+G E, in db, 
Q 0.7854 049000 069000 400 0,00 
iL 1.8724 0.9850 0.5440 A963 - 0.90 
2 20904 @.7077 G.0610 1.646 id 3,26 
3 4.0454 0.4900 ~0.1936 1.0548 ~ 7F.d2 
4 § 41250 0 ,Li2% “0.1785 OeL096 ~26.84 
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6.2050 O.2470 «09,0125 0,057 ~32.48 


| Watadtons in the term (1 4Cos 9) are considered to be negligible in this 
range. A plot of B, is given on Figure  xVIt.” 
- Zhe Fourler-Bessel Series Method of Computing the B Plane Polarized, 
3% Plane Field Pagtern 
In order to determine the H plane field pattera, let # = % in 


Forma (6), snd the resultant equation becomes: 


B, = -By 2 deeb he (1+ Cos 9) [aco,%) J,(sr, Sin 9) + 


or (er, sin 0) a(a,Z) 2(0,%) | 


The argument of the Bessel function can be computed, For this antenna 
= & *, ate 7 = 73, 


The first step is to make a table of A(u,%,) and B(n,@). 


* tn order to simplify the calculations of Sin x terms Reference (10) 
may be employed. x 
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Table II 
st a +, *€, 
Yalues of A(n,¥,) for 4, eS and n 0, ~ 1, ~ 25 #**, 


sol Bred 2 sw (E-NSE sin L Eww] & sin (B-w/] B AW, 2 
Tq Tee Rag 


0.2984 049000 0.9000 243968 
0.6360 3.6360 1.0000 22720 
0.9000 0.2984 0.9000 1,9184 
1.0000 9) 0.6360 LeAede 
0.9000 ~0 1800 0.2984 9.8900 
0.6360 ~G,2118 9 0.4240 
0.8984 0.1283 0.1800 0.0900 


The table of B(n,%) may also be constructed, This table will apply to 


i any antenna design, 


Table Ili 


Values of B(n,@) for g = 0, @ = #2, and n = cm 22, ee Ne 
a Ba, 9) g=0 =F xn Bn,f) d=0 p=F 
ti 0 23 Con @ 24 0 +4 +2j Coss 2 2 
+2 ~2 Cos 2 «2 2 28 42j@esf 23 0 
+3 ~=2j Cos 3 ~2$ 0 76 -2§ sq -2 2 
Table IV 


Computation of E for the H Plane Field Pattern (Use Equation (7)) 
To 4, ted J, (kn, Sv 9) Jy cys) IK Save) 
AC %) AG) BA,Z) A6,%) 842) ACH)BGC,%) Ex db, 
+467936 0 9) Q 4.67936 0,090 
42.9900 +1.3480 40,0221 0 44.3601 ~0,79 
0.3260 +3.4650 40,2760 40,0017 43.4174 ~2.93 
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The EL H plane pattern field is plotted on Figure XVII. 


The Fourier-Besgel Series Method of Commuting the H lene Polarized 
i Plane Eield Pattern 
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Let g = 4 in Equation (6), a, = . in the equation for C(ny8,) 
end construct 4 table fer values of G(a,Z) 
Table ¥ 


Values of o(n,2) for n = Oy hy a, oe 


n Cla *) a C(n,5) 

9 9 3 40.550 
*y 40.272 25 +0424 
23 +0.478 % +0090 
£5 40,4575 


e Next a table of D(my%) is constructed, This table is appli- 
 @able to all antennas, | 

Table Vi 
Table of D(n,f) for J = 0, 9 = 4, ond n= 1, 2, 3, +++, 


na Di{n,9) g=0 g = ; a D(n,) @=0 gs 
1 2 fing o “2 4 +2) Sin @ ) fs) 
2 -~ajSin 2g 8660 ) § -2 Sin i) “k 
3 +2 Sin 5) ~2 6 «2j Sin & 3) ) 


Bvaluating Equation (6) the following table results. 


fable VIZ 


Computation of B, in the H Plane Field Pattern (¢ = £ in Equation (6)) 
‘ J, (KA, 51 8) Jg(K2, Siw 0) J, (Ky Sew 9) bE db 
g® <(62)0OD —c03,%)062) CGE) DGA) : 
9 0.0000 40.0000 +0,00000 +#0.00000 - am 
1 0 40,5620 0888s +0004 +0,6512 ~17.32 
2 40.5300 40.5170  +0.0354 +1.0824 12.93 
3 40,0052 «= 40.9650 +0, 1890 +1.,0053 “13.78 
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The Fourier-Bessei, Series Method of Computing the E Plane Polarized 
E Plane Fiele Pattern 

Substitute @ = 0° ona g a =i in Equation (6). The A(a,? o! 
and the B(n,0) tables have already been computed. 


Table VIII 
Computation of ane Rea. Purh of iy tn Mee B plane 


Sp (KA, cm 8) 4 (KA, Si 2) Ig (KA, 51 6) J44, Sy @) 


en (a &) A(2,%) BRO) A4%)BA,%) A, %) BC, hla] 
) +h9 7936 0,0000 90,0000 0,0000 +4,07936 
i +2 69900 ~Le 3491 +0 .0225 0.0000 +1,6613 
2 40.3260 ~3.4634 40.2760 ~0 0017 248630 
3 ~ 1.69280 ~3,1071 +0 ..9030 ~0.0141 ~4.1762 
Table IX 

Computation e me, gmnetnany, saa of Ey in the E Plane 
ei ma 4 %) rm 2) ie %) ‘)ee) wereA) ove 2) dm lo] 
8) 0.0000 0.0000 0.0000 0.0000 
1 +4.6830 ~0.2195 +0.00136 +h ahO4G 
2 hee he54 ~142758 40.0354 +3,1850 
3 +0 .0429 4 3881 40 9.18'95 £91550 

; fable X 
mo. of the Magnitude and Phase of Ey in the E Plane for Constant R 
|B, | 4.4 ioareptiine Source el riety ieee 

Q 407936 9) 0,00 1.00 9.00 
BY 47600 69.6 ~0.05 i,.00~ ~0.05 
z 406800 13240 ~0,10 1,00- ~0.10 
3 4'7000 20743 ~0,10 i.00- Geld 


These values are plotted on Figure UX, 
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